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(57) ABSTRACT

An infrared cut filter includes: a transparent dielectric sub-
strate; an 1nfrared reflecting layer formed on one surface of
the transparent dielectric substrate and configured to retlect
infrared light; and an infrared absorbing layer formed on the
other surface of the transparent dielectric substrate and con-
figured to absorb infrared light. The infrared absorbing layer
1s Tormed of a resin that contains inirared absorbing pigment.
The infrared reflecting layer 1s formed of a dielectric multi-

layer film.
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FIG.6A

FIRST EXEMPLARY EMBODIMENT
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FIG.6C

FIRST EXEMPLARY EMBODIMENT
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FIG.6

FIRST EXEMPLARY EMBODIMENT
A AT50% = ART50% = ~20Nm
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FIG.6M
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FIG.7A

SECOND EXEMPLARY EMBODIMENT
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FIG.7B

SECOND EXEMPLARY EMBODIMENT
A AT50% — ART50% = 50nm
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FIG.7C

SECOND EXEMPLARY EMBODIMENT
A AT50% = ART50% =40NM
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FIG.7E

SECOND EXEMPLARY EMBODIMENT
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FIG.7G

SECOND EXEMPLARY EMBODIMENT
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FIG.7H
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FIG.7I

SECOND EXEMPLARY EMBODIMENT
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FIG.7M

SECOND EXEMPLARY EMBODIMENT
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FI1G.8A
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FIG.8C

THIRD EXEMPLARY EMBODIMENT
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FIG.8E

THIRD EXEMPLARY EMBODIMENT
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FIG.8F

THIRD EXEMPLARY EMBODIMENT
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FIG. 8l

THIRD EXEMPLARY EMBODIMENT
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FIG.8K

THIRD EXEMPLARY EMBODIMENT
AAT50% ~ ART509% =-40nm
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THIRD EXEMPLARY EMBODIMENT
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FIG.14A

100

90

80

70

A SLOPE 60
Inm] 50
40

30

20

10

0
-80 -60 -40 -20 O 20 40 60 &0

A AT50% = ART50% [NM]

FIG.14B

50

40

A A 150930
[nm]

20

10

O —
-80 -60 -40 -20 0 20 40 60 &0

A AT50% ~ ART50% [NM]



U.S. Patent

FIG.15

FIG.16

FIG.17

Dec. 1, 2015 Sheet 31 of 34

10 INCIDENT LIGHT

N W

""’"‘

Al 6

lllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllll
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
lllllllllllllllllllllllllllllllllllllllllll

............................................

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

EXITING LIGHT

7

10 INGIDENT LIGHT

Y

L L L L L L

DI

'"""”"M”‘

DX K XIHKIHX K XK XX K XX KX R KKK K I X KX I I KRN KKK

EXITING LIGHT

~

10 INCIDENT LIGHT

N

EXITING LIGRT

<

\\\\\\\‘\\(Q\

FOEONOTIIETETITINTTONINEIOTISIOIINIIOIOIIIN.

US 9,201,181 B2

14
12

16
18

14
12

16
18
20

14
12

22
16



U.S. Patent Dec. 1, 2015 Sheet 32 of 34 US 9,201,181 B2

FIG.18
INCIDENT LIGHT
T OEXITING LiGHT 16
FIG.19

\‘ VAV AN E VA VA ads

RN

.......... 1 | 3 4 | | [] r * . 1 L ] - » + L J L | r [ ] L] L] L] [ ] d 4 n n [ ] 1 41 F
llllllllllllllllllllllllllllllllllllllllllll
llllllllll L | rFr bk 2 1 + 0 4 % ¢ 4 7 1 ¥ 1 = n rNw v T ¥ r ¥ 4+ ® 1 k
[ I} 1 [ x 4 4 @1 4 1 F r & 4 & ¥ i1 B 1 1 E44 ® K 1 & 4 ¢ Fr 1 o v F o+ 4 F = v g o4 g b o
llllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllll
llllllll ] 1 [ ] " u L ] L] - - r » ] ] - F & ] ] . - L]

104

_




US 9,201,181 B2

Sheet 33 of 34

Dec. 1, 2015

TANGE

F—r—

= b1

TRANS
100

U.S. Patent
FIG.20

o
—
00
c £| & = c |
c c| & nm O | Q i o
O OT < F ODTO vl B
o O3 & _ ! [ - ™
b _ T
- ”
N m o -|” ......II..l..Iﬁtl... _1.__._____-
...... ™ - shands it T S - - - -
ﬂ_l|..‘ lllllllllllllllll ) 1" =TT YT .‘..-. O
- -l..l...l..!ll....l]llll o r———— A= .D_
e N [ AU F AP PR P N bow=-" —
S TS O B Y etk e f - a\m
ol S (N,
.w ..........
. b R —_— “|If
A m.-...,:q-...l.,i.. -
e ames : LO
A wnll I A S o
o ettt R A =
uU........... .............. =
W llllllllll s T
N I < g VRS -
T e I I - m
TTY YT L ey i B .._. - * m N
3 Lid
7 = £l €| E | g =
Y e m m - - C - o M
. LL] - - - -
. - o C 'SP N =
- T = - <Ir -
— = L) S
" m Cry W
: W=
7
O —
) Z e =
m T = <
s =
g 3 O —
LA EL! <X
# o D_IA
= £
[
L |<Ccs -
= o2 2
— T
) == | ~
- _—
-
O
< o <o o o o o o o o~
) O [ Lo LD o o g e

FIG.21

450 500 550 600 050 700 750
WAVELENGTH [nm]

400



U.S. Patent Dec. 1, 2015 Sheet 34 of 34 US 9,201,181 B2

FIG.22

400 450 500 550 600 650 700 750

WAVELENGTH [nm]

FIG.23

100
90

80

70

TRANS- ©°
HTTANCE 50
40

30

20

10 M-

0
400 450 500 550 600 650 700 750

WAVELENGTH [nm]




US 9,201,181 B2

1

INFRARED CUT FILTER AND IMAGING
APPARATUS

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to an infrared cut filter and an
imaging apparatus in which an infrared cut filter 1s used.

2. Description of the Related Art

A semiconductor solid-state 1imaging device such as a
charge coupled device (CCD) or a complementary metal
oxide semiconductor (CMOS) 1s built 1n 1imaging apparatus
such as digital cameras. The sensitivity of these solid-state
imaging devices extends from a visible spectrum range to an
inirared spectrum range. For this reason, an infrared cut filter
for shielding inirared light 1s provided between an 1imaging
lens system and a solid-state 1maging device 1n the 1maging
apparatus. The inirared cut filter enables calibrating the sen-
sitivity of the solid-state 1maging device to approximate the
spectral sensitivity of human beings.

Infrared cut filters used 1n the related art include those
manufactured by forming an infrared reflecting layer includ-
ing a dielectric multilayer film on a resin substrate (see, for
example, patent document 1).

[patent document 1] JP2005-338395

However, an infrared reflecting layer including a dielectric
multilayer has incident angle dependence 1n which infrared
shielding property vary depending on the incident angle.
Theretore, the central part of an 1image capturing light trans-
mitted through the infrared retlecting layer may look different
in color from the periphery thereof.

SUMMARY OF THE INVENTION

The present mvention addresses the issue and a purpose
thereol 1s to provide an infrared cut filter having favorable
inirared shielding property relatively less dependent on the
incident angle, and to provide an imaging apparatus 1n which
the infrared cut filter 1s used.

The infrared cut filter according to at least one embodiment
comprises: a transparent dielectric substrate; an infrared
reflecting layer formed on one surface of the transparent
dielectric substrate and configured to reflect infrared light;
and an infrared absorbing layer formed on the other surface of
the transparent dielectric substrate and configured to absorb
inirared light.

The 1inirared absorbing layer may be formed of a resin that
contains 1nfrared absorbing pigment.

The infrared reflecting layer may be formed of a dielectric
multilayer film.

Given that the wavelength that provides the transmittance
of 50% of the mirared retlecting layer 15 Ay <q0, nm and the
wavelength that provides the transmittance of 50% of the
infrared absorbing layer 1s A , ., nm, the 1nfrared retlecting
layer and the infrared absorbing layer may be formed such
that A <o, <Mp 7550, 18 MEL.

Further, the infrared retlecting layer and the nirared
absorbing layer may be formed such that A, <qo,—A p 7500, <—
10 nm 1s met.

Further, the infrared reflecting layer and the infrared
absorbing layer may be formed such that =50 nm=A ., —
M nrs0o, 15 MEL.

The transparent dielectric substrate may be formed of
glass. The infrared reflecting layer may be formed so as to
reflect ultraviolet light. A protective layer may be provided on
the infrared absorbing layer. The protective layer may have
the function of preventing reflection of visible light. The
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protective layer may have the function of preventing trans-
mittance of ultraviolet light. A reflection prevention layer for
preventing reflection of visible light may be provided on the
protective layer. The reflection prevention layer may have the
function of preventing transmittance of ultraviolet light. A
primer layer may be provided between the transparent dielec-
tric substrate and the infrared absorbing layer.

The infrared reflecting layer may be warped such that the
surface opposite to the surface on the side of the transparent
dielectric substrate 1s convex.

Another embodiment of the present invention relates to an
imaging apparatus. The imaging apparatus comprises: the
infrared cut filter as described above; and an 1imaging device
on which light transmitted through the infrared cut filter 1s
incident.

Optional combinations of the aforementioned constituting,
clements, and implementations of the invention in the form of
methods, apparatuses, and systems may also be practiced as
additional modes of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which are
meant to be exemplary, not limiting, and wherein like ele-
ments are numbered alike 1n several Figures, in which:

FIG. 1 1s a cross sectional view showing the structure of the
infrared cut filter according to the embodiment of the present
invention;

FIG. 2 shows an exemplary spectral transmittance curve of
an infrared reflecting layer according to the first exemplary
embodiment including a dielectric multilayer film;

FIG. 3 shows an exemplary spectral transmittance curve of
an inirared absorbing layer according to the second exem-
plary embodiment;

FIG. 4 shows an exemplary spectral transmittance curve of
the infrared cut filter according to the embodiment;

FIG. 5 lists the composition of the infrared absorbing layer
used 1n the first through third exemplary embodiments;

FIG. 6A shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment 1n
which A 7500, =P r7500,=00 NM;

FIG. 6B shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment 1n
which A 7500, =Ar7500,=00 NM;

FIG. 6C shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment 1n
Which A 7560, =P g 7500,—40 DM

FIG. 6D shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment 1n
which A 7500, =M r7s00,=30 NM;

FIG. 6E shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment 1n which
M azsov—PMrrsoo, =20 NM;

FIG. 6F shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment 1n which
N azsov—PMrrsos,—10 nm;

FIG. 6G shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment 1n
which A 7500, ~Ar7s00,~0 DN

FIG. 6H shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment 1n
which A 7500, =M grs00,=—10 nm;

FIG. 61 shows the spectral transmaittance of the infrared cut
filter according to the first exemplary embodiment 1n which
Mazsov—hrrs00——20 nm;
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FIG. 6] shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment 1n which
M ars00%—MrTs00,——30 NM;

FIG. 6K shows the spectral transmittance of the mirared
cut filter according to the first exemplary embodiment 1n
which A 7500, =M g7s00,=—40 NM;

FIG. 6L shows the spectral transmittance of the infrared cut
filter according to the first exemplary embodiment 1n which
M ars00—MrTs00,——>0 NM;

FIG. 6M shows the spectral transmittance of the infrared
cut filter according to the first exemplary embodiment 1n
which A 7500, =g 7500,=—00 NM;

FIG. 7A shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment 1n
which A 7500, =M r7500,=00 NM;

FIG. 7B shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment 1n
Which A 7500, —Ar7500,=50 NM;

FIG. 7C shows the spectral transmittance of the mirared
cut filter according to the second exemplary embodiment 1n
which A 7500, =g 7s500,=40 NM;

FIG. 7D shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment 1n
which A 7500, =g 7500,=30 M

FIG. 7E shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment 1n
wWhich A, 7500, =A g 7500, 20 M

FIG. 7F shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment 1n
which A 7500, ~A g 7500,=10 NM;

FIG. 7G shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment 1n
which A 7500, A 7500,=0 M

FIG. 7H shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment 1n
which A 7500, =M g7s00s=—10 NM;

FI1G. 71 shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment 1n
which A 7560, =g 7500,——20 NM;

FIG. 7] shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment in
which A 7500, =Ar75006——30 nM1;

FIG. 7K shows the spectral transmittance of the mirared
cut filter according to the second exemplary embodiment 1n
which A 7500, A g 7500,——40 NM;

FI1G. 7L shows the spectral transmittance of the infrared cut
filter according to the second exemplary embodiment 1n
Which A 7560, =P g 7500, —— 20 NM;

FIG. 7TM shows the spectral transmittance of the infrared
cut filter according to the second exemplary embodiment 1n
which A 7500, =M g7s00,=—00 M

FIG. 8 A shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment 1n
which A 7500, ~Ar7500,=00 NM;

FIG. 8B shows the spectral transmittance of the mirared
cut filter according to the third exemplary embodiment 1n
which A 7500, ~Ar7500,=20 NM;

FIG. 8C shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment 1n
which A 7500, =Ar 7500, —40 DM

FIG. 8D shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment 1n
which A 7500, =g 7s500,=30 M

FI1G. 8E shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment 1n which
M arsoss—hRr7s00,—20 NN
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FIG. 8F shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment in which
N azsovs—Prrsos,—10 nm;

FIG. 8G shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment 1n
which A 7500, —Ag7500,=0 NM;

FIG. 8H shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment 1n
which A 7560, =P r7500,—— 10 1M;

FIG. 81 shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment 1n which
Mazsove—hr7s00,——20 nNM;

FIG. 8] shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment in which
N azsov—Mr7soo,——30 nm;

FIG. 8K shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment 1n
which A 7500, —Ag7500,=—40 NM;

FIG. 8L shows the spectral transmittance of the infrared cut
filter according to the third exemplary embodiment 1n which
A 47500 RT500,—— 00 1IN

FIG. 8M shows the spectral transmittance of the infrared
cut filter according to the third exemplary embodiment 1n
which A 7500, =M g7s00,=—00 NM;

FIG. 9 lists primary parameters of the spectral transmit-
tance curves shown in FIGS. 6 A-6M;

FIG. 10 lists primary parameters of the spectral transmit-
tance curves shown in FIGS. 7TA-TM;

FIG. 11 lists primary parameters of the spectral transmit-
tance curves shown 1 FIGS. 8A-8M;

FIG. 12A shows the relatlonshlp, in the first exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-oil wave-
length of the infrared reflecting layer relative to the steepness
of the transient range of the spectral transmittance curve;

FIG. 12B shows the relatlonshlp,, in the first exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-ofl wave-
length of the infrared reflecting layer relative to the amount of
shift of the cut-oif wavelength occurring when the incident
angle changes from 0° to 35°;

FIG. 13A shows the relatlonshlp, in the second exemplary
embodiment, of the difference between the cut-off wave-
length of the mirared absorbing layer and the cut-off wave-
length of the infrared reflecting layer relative to the steepness
of the transient range of the spectral transmittance curve;

FIG. 13B shows the relatlonshlp, in the second exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-oil wave-
length of the infrared reflecting layer relative to the amount of
shift of the cut-oif wavelength occurring when the incident
angle changes from 0° to 35°;

FIG. 14A shows the relatlons 11p, 1n the third exemplary
embodiment, of the difference between the cut-off wave-
length of the mirared absorbing layer and the cut-off wave-
length of the infrared reflecting layer relative to the steepness
of the transient range of the spectral transmittance curve;

FIG. 14B shows the I'@lElthIlSthj in the third exemplary
embodiment, of the difference between the cut-off wave-
length of the infrared absorbing layer and the cut-oil wave-
length of the infrared reflecting layer relative to the amount of
shift of the cut-oif wavelength occurring when the incident
angle changes from 0° to 35°;

FIG. 15 shows the infrared cut filter according to another
embodiment of the present invention;

FIG. 16 shows the infrared cut filter according to still
another embodiment of the present invention;
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FIG. 17 shows the infrared cut filter according to vet
another embodiment of the present invention;

FIG. 18 shows the infrared cut filter according to yet
another embodiment of the present invention;

FIG. 19 shows an imaging apparatus in which the mirared
cut filter according to the embodiments of the present mnven-
tion 1s used;

FIG. 20 shows the spectral transmittance curves obtained
when the cut-oif wavelength of the infrared reflecting layer 1s
varied;

FI1G. 21 shows the spectral transmittance curve ol the inira-
red absorbing layer used 1n the first exemplary embodiment;

FI1G. 22 shows the spectral transmittance curve ol the infra-
red absorbing layer used 1n the second exemplary embodi-
ment; and

FI1G. 23 shows the spectral transmittance curve of the infra-
red absorbing layer used in the third exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The mvention will now be described by reference to the
preferred embodiments. This does not intend to limit the
scope of the present invention, but to exemplify the mnvention.

FI1G. 1 1s a cross sectional view showing the structure of an
infrared cut filter 10 according to an embodiment of the
present invention. As shown 1n FIG. 1, the infrared cut filter
10 includes a transparent dielectric substrate 12, an infrared
reflecting layer 14, and an infrared absorbing layer 16. The
inirared retlecting layer 14 1s formed on one of the surfaces of
the transparent dielectric substrate 12. The infrared absorbing
layer 16 1s formed on the other surface of the transparent
dielectric substrate 12.

For example, the infrared cut filter 10 shown 1n FIG. 1 1s
provided between the 1maging lens system and the 1maging
device of a digital camera. The infrared cut filter 10 1s 1mple-
mented to receive light via the infrared retflecting layer 14 and
emit light from the infrared absorbing layer 16. In other
words, the infrared reflecting layer 14 as implemented 1n the
camera faces the imaging lens system and the infrared absorb-
ing layer 16 faces the imaging device.

The transparent dielectric substrate 12 may be a plate of a
thickness of about 0.1 mm-0.3 mm. The material forming the
transparent dielectric substrate 12 1s non-limiting so long as it
transmits visible light. For example, the transparent dielectric
substrate 12 may be formed of glass. A glass substrate formed

of glass 1s inexpensive and so 1s favorable in terms of cost.
Alternative, a synthetic resin film or a synthetic resin sub-
strate formed of polymethylmethacrylate (PMMA), polyeth-
ylene terephthalate (PET), polycarbonate (PC), polyimide
(PI), etc. may be used as the transparent dielectric substrate
12.

The infrared reflecting layer 14 1s formed on one of the
surfaces of the transparent dielectric substrate 12 as described
above and functions as a surface on which light 1s incident.
The mifrared reflecting layer 14 1s configured to transmuit
visible light and retlect infrared light. The infrared reflecting
layer 14 may be formed of a dielectric multilayer film includ-
ing a stack of a large number of dielectric layers with different
refractive indices. The optical property of the dielectric mul-
tilayer film such as spectral transmittance property can be
designed at will by controlling the refractive index and thick-
ness of each layer. The infrared retlecting layer 14 may be
formed by alternately depositing a titanium oxide (T10,)
layer and a silicon oxide (810, ) layer with different refractive
indices on the transparent dielectric substrate 12. Other than
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T10, and $10,, a dielectric material such as MgF,, Al,O,,
MgQO, 7ZrO,, Nb,O., and Ta,O. may be used to form the
dielectric multilayer film.

The infrared absorbing layer 16 1s formed on the other
surface of the transparent dielectric substrate 12 as described
above and functions as a surface from which light exits. The
inirared absorbing layer 16 i1s configured to transmit visible
light and absorb infrared light. The light incident on the
infrared cut filter 10 1s transmitted through the infrared
reflecting layer 14 and the transparent dielectric substrate 12
before being incident on the infrared absorbing layer 16.
Therefore, the infrared absorbing layer 16 absorbs infrared
light not shielded by the infrared reflecting layer 14 or the
transparent dielectric substrate 12.

The infrared absorbing layer 16 may be formed by depos-
iting resin containing infrared absorbing pigment on the
transparent dielectric substrate 12. The infrared absorbing
layer 16 may be a solid film formed by adding appropriate
inirared absorbing pigment in a resin matrix, dissolving or
dispersing the pigment, and drying and curing the matrix. Azo
compound, diimonium compound, dithiol metal complex,
phthalocyanine compound, cyanine compound, etc. may be
used as the infrared absorbing pigment. Alternatively, these
compounds may be used 1n combination thereof. The resin
matrix 1s required to retain the infrared absorbing pigment
dissolved or dispersed in the matrix and to be a transparent
dielectric material. Polyester, polyacryl, polyolefin, polycar-
bonate, polycycloolefin, polyvinyl butyral, etc. may be used
as the resin matrix. These materials for resin matrix are 1nex-
pensive and so are favorable 1n terms of cost.

A description will now be given of the function of the
inirared cut filter 10 according to the embodiment. A descrip-
tion will first be given of the function of the infrared cut filter
according comparative embodiments.

FIG. 2 shows the spectral transmittance curve of an inira-
red cut filter according to the first comparative embodiment in
which only an inirared reflecting layer including a dielectric
multilayer film 1s formed on a glass substrate. FI1G. 3 shows
the spectral transmittance curve of an infrared cut filter
according to the second comparative example 1n which only
an infrared absorbing layer including a resin matrix that con-
tains infrared absorbing pigment 1s formed on a glass sub-
strate.

As shown 1n FIG. 2, the infrared cut filter according to the
first comparative example exhibits dependence on the 1nci-
dent angle, which 1s characteristic to a dielectric multilayer
f1lm. The solid line 1n FI1G. 2 represents the spectral transmiut-
tance curve that results when the incident angle 1s 0°, the
broken line represents the spectral transmittance curve that
results when the incident angle 1s 25°, and the chain line
represents the spectral transmittance curve that results when
the incident angle 1s 35°. Given that the wavelength that
provides the transmittance of 50% 1S Apr<qors Aprsgo,—about
655 nm when the incident angle 1s 0°. When the incident angle
1S 25°, Apr<qo,=about 637 nm, and, when the incident angle 1s
35°, Aprsoo,—about 625 nm. Thus, when the incident angle
changes from 0° to 35° 1n the 1nfrared cut filter according to
the first comparative example, Ay <50, 15 shifted to the short
wavelength side by about 30 nm.

Provided that the infrared cut filter 1s used with an 1imaging
device, light with a small incident angle (e.g. the mncident
angle o1 0°) on the 1infrared cut filter enters the central part of
the 1imaging device. Meanwhile, light with a large incident
angle (e.g. the incident angle of 25° or 35°) on the infrared cut
filter enters the periphery of the imaging device. Therefore, 1f
the infrared cut filter having the inirared shielding property
shown 1n FIG. 2 1s used 1n an imaging apparatus, the spectral
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transmittance property (in particular, the spectral property
near the wavelength 650 nm) of light entering the 1maging
device will differ depending on the position on the light-
receiving surface of the imaging device. This results 1n dif-
terent colors 1n the central part of an image and 1n the periph-
ery thereol, thereby adversely aflecting color reproducibility.

Unlike the infrared cut filter according to the first compara-
tive example, the shielding property of the infrared cut filter
according to the second comparative example 1s not depen-
dent on the ncident angle. However, the spectral transmit-
tance curve of the infrared cut filter according to the second
comparative example shows gradual decrease 1n a transient
range where the transmittance changes from relatively high to
relatively low. Generally, an infrared cut filter 1s designed to
have a transient range near the wavelength of 600 nm to 700
nm so as not to atfect color reproducibility. An infrared cut
filter 1s expected show an abrupt change 1n the transmaittance
in this range. Such a property is referred to as “sharp cut-off
property”. Therefore, it 1s 1mpossible to control color repro-
ducibility properly by using the infrared cut filter according to
the second comparative example.

We considered the disadvantage associated with the com-
parative examples and found out that reduction 1n the depen-
dence of the shielding property on the incident angle and
tavorable sharp cut-off property can be realized by forming
the infrared reflecting layer 14 on one surface of the transpar-
ent dielectric substrate 12 and forming the infrared absorbing
layer 16 on the other surface.

FIG. 4 shows the spectral transmittance curve of the infra-
red cut filter 10 according to the embodiment. In FIG. 4 as in
FIG. 2, the solid line represents the spectral transmittance
curve that results when the incident angle 1s 0°, the broken
line represents the spectral transmittance curve that results
when the incident angle 1s 25°, and the chain line represents
the spectral transmittance curve that results when the incident
angle 1s 35°.

The property of the infrared cut filter 10 according to the
embodiment 1s determined by the combination of the optical
property of the infrared retlecting layer 14 and the optical
property of the infrared absorbing layer 16. It will be given
that the wavelength that provides the transmittance of 50% of
the infrared reflecting layer alone, when the incident angle 1s
0°, 1S Apr<qo, (nm), and the wavelength that provides the
transmittance of 50% of the infrared absorbing layer alone 1s
M 700, (Nm). FIG. 4 shows the spectral transmittance curve of
the mirared cut filter 10 1 which A, <q0. =AM p7<go,_20 nm,
namely, in which A , ., 1s shorter than A, <., by 20 nm.

Given that the wavelength that provides the transmittance
of 50% of the infrared cut filter 10 according to the embodi-
ment, when the incident angle 1s 0°, 18 Arcqo, (NM), A rcqo, OF
the infrared cut filter 10 according to the embodiment 1s
approximately equal to 646 nm when the incident angle 1s 0°,
as shown 1n FIG. 4. When the imncident angle 15 25°, A r<qo, 15
approximately equal to 645 nm. When the incident angle 1s
35°, A <m0, 18 approximately equal to 633 nm. Thus, A <q., OF
the infrared cut filter 10 according to the embodiment 1s
shifted to the short wavelength side by only about 13 nm even
when the incident angle changes from 0° to 35°. The depen-
dence of A, On the incident angle 1s smaller than the
dependence of A,<50, O0n the mncident angle of the first com-
parative example. Referring also to FIG. 4, change in the
incident angle hardly produces any change in the spectral
transmittance curve 1n the range 1n which the transmittance 1s
higher than 50%. Meanwhile, 1n the range 1n which the trans-
mittance 1s lower than 50%, the spectral transmittance curve
shows a difference 1n response to a change in the incident
angle. However, the difference 1n the spectral transmaittance
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curve 1n the range 1n which the transmittance 1s lower than
50% hardly presents any problem because the impact on color
reproducibility 1s small.

Further, FIG. 4 shows that the infrared cut filter 10 accord-
ing to the embodiment has a transient range near the wave-
length of 600 nm to 700 nm. The transmittance changes
abruptly 1n this range with the result that a favorable sharp
cut-oll property 1s realized.

The optical property of the infrared cut filter 10 according
to the embodiment 1s determined by the combination of the
inirared reflecting layer 14 and the infrared absorbing layer
16. The favorable optical property of the infrared reflecting
layer 14 and the infrared absorbing layer 16 will now be
discussed.

First, the suitable optical property of the infrared reflecting,
layer 14 will be discussed. The infrared reflecting layer 14 1s
designed to pass visible light at least in a band of 400 nm-600
nm and at least retlect infrared light with a wavelength longer
than 750 nm so as to achieve the required performance. The
wavelength that provides the spectral transmittance of 50% in
a transient range between the pass range and the reflection
range will be defined as a cut-off wavelength A, <o . Aprsnos
of the infrared reflecting layer 14 depends on the requirement
from the spectral sensitivity area of the imaging device and 1s
preferably designed to be near the cut-off wavelength A <0,
of the infrared absorbing layer 16. More preferably, A, <0, 15
designed such that A, 5o, <Ap7<gos.

The infrared reflecting layer 14 1s designed so that the
transmittance in the visible spectrum range 1s as high as
possible. This 1s to allow light 1n the visible spectrum range
necessary for imaging to reach the light-receiving surface of
the 1maging device as much as possible. Meanwhile, the
inirared reflecting layer 14 1s designed so that the transmiut-
tance 1n the infrared spectrum range 1s as low as possible. This
1s to shield light not contributing to 1maging or light 1n a
harmiul range as much as possible. For example, the infrared
reflecting layer 14 preferably has an average spectral trans-
mittance o1 90% or greater at least in a visible spectrum range
in the wavelength band of 400 nm-600 nm and a spectral
transmittance of less than 2% at least 1n an infrared spectrum
range beyond the wavelength of 750 nm.

Further, the spectral transmittance of the infrared reflecting
layer 14 preferably exhibits abrupt change in the transient
range (referred to as “sharp cut-off property”). This 1s
because, 11 the sharp cut-off property 1s lost and the transient
range grows excessively, 1t will be difficult to control color
reproducibility. Defining the steepness of the transmittance in
the transient range as Apc; ope=IArrsoo—Prrs0sl (Ap7os
denotes the wavelength that provides the spectral transmiut-
tance of 2%), Aror opr 01 the infrared reflecting layer 14 1s
preferably as small as possible. For example, Ap o7 55z 1S pret-
erably less than 70 nm.

The spectral transmittance curve shown in FIG. 2 shows
that the average spectral transmittance 1s 90% or greater in the
visible spectrum range when the incident angle 1s 0°, 25°, or
35°. The average spectral transmittance 1n the inirared spec-
trum range 1s less than 2%. The spectral transmittance curve
shown 1n FIG. 2 shows that A, <7 5»~ 15 less than 70 nm when
the incident angle 1s 0°, 23°, or 35°. Therefore, the infrared
absorbing layer 16 having the spectral transmittance shown 1n
FIG. 2 can be suitably used 1n the infrared cut filter 10 accord-
ing to the embodiment.

A description will now be given of the suitable optical
property of the infrared absorbing layer 16. The optical prop-
erty required of the infrared absorbing layer 16 varies depend-
ing on the optical property of the infrared reflecting layer 14
with which the infrared absorbing layer 16 1s combined.
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In this embodiment, 1t 1s preferable that the cut-off wave-
length A <., Of the infrared absorbing layer 16 be shorter
than the cut-oif wavelength A<, 01 the 1nfrared reflecting
layer 14, 1.¢., 1t 1s preferable that A, 50, <A 7<00.. By ensur-
ing that the infrared absorbing layer 16 meets this condition,
the dependence of the infrared shielding property on the
incident angle of the infrared cut filter 10, namely, the shait
amount of the cut-off wavelength A .., of the inirared cut
filter 10 occurring when the incident angle changes from 0° to
35° can be reduced.

Further, 1t 1s preferable that the average transmittance of
the infrared absorbing layer 16 1n the visible spectrum range
be as high as possible. This 1s because, 11 the average trans-
mittance 1n the range of the inirared absorbing layer 16 1s
small, the amount of light reaching the imaging device will be
small. For example, 1t 1s preferable that the average transmit-
tance of the infrared absorbing layer 16 in the wavelength 400
nm-600 nm be 80% or greater.

In this embodiment, the spectral transmittance of the inira-
red absorbing layer 16 1n the long wavelength range beyond
A0, 18 NOt 0 concern. This 1s because the average spectral
transmittance of the infrared reflecting layer 14 1s extremely
small 1n this range so that the overall transmittance 1n the
range of the infrared cut filter 10 1s ensured to be low.

In this embodiment, 1t 1s preferable that the spectral trans-
mittance curve of the infrared absorbing layer 16 monoto-
nously decrease in the transient range (e.g. 600 nm-A 5., ).
This 1s because 1t 1s easy in this way to know the cut-oif
wavelength A ., of the infrared cut filter 10 comprised of the
combination of the layers 14 and 16. Other advantages
include easiness and flexibility of setting and casiness of
control of color reproducibility.

Discussed below are first through third exemplary embodi-
ments 1n which are used the infrared reflecting film and the
inirared absorbing layer that meet all of the above conditions.
Also, a detailed study 1s made of the relationship between the
cut-oif wavelength A, .., 01 the infrared reflecting layer 14
and the cut-off wavelength A , .., 0f the infrared absorbing
layer 16.

FIG. S lists the composition of the infrared absorbing layer
used 1n the first through third exemplary embodiments. The
infrared absorbing layer used in the first exemplary embodi-
ment 1s formed 1n the following steps. First, methyl ethyl
ketone (MEK) 1s used as a solvent. 0.002/0.807=0.25 wt % of
KAYASORB CY-10 (cyamine compound) from NIPPON
KAYAKU CO.,LTD.,0.001/0.807=0.12 wt % of NIA-7200H
(azo compound) from HAKKOL CHEMICAL CO., L1D.,
0.003/0.807=0.37 wt % of KAYASORB IRG-022 (diimo-
nium compound) from NIPPON KAYAKU CO., LTD. are
added to 0.055% PVB (polyvinyl butyral)). After blending,
the solution 1s stirred for 10-15 minutes. The solution 1s
applied evenly on one surface of a glass substrate by flow
coating. The glass substrate 1s left untouched for two hours to
dry. The glass substrate 1s heated for 20 minutes at 140° C. so
as to form an infrared absorbing layer. The infrared absorbing
layers of the second and third exemplary embodiments are
also formed 1n similar steps, using the pigment shown in FIG.
5. The spectral transmittance curves of the infrared absorbing
film 1n 1solation are shown 1n FIGS. 21, 22, and 23. The
average transmittance 1n the wavelength 400 nm-600 nm 1n
the first through third exemplary embodiments 1s 80.4%,
80.6%, and 80.7%, respectively. In a long-wavelength range
beyond the wavelength 600 nm, the curve monotonously
decreases.

A more suitable condition for the cut-oif wavelength
M rrsoo, OF the infrared reflecting layer 14 and the cut-off
wavelength A , ., Of the infrared absorbing layer 16 will be
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discussed. FIGS. 6A-6M show the spectral transmittance
curves of the infrared cut filter obtained by varying the dii-
ference between A, ;<qo, and Ap g0, 10 the first exemplary
embodiment 1n units of 10 nm. FIGS. 7A-7M show the spec-
tral transmittance curves of the infrared cut filter obtained by
varying the difference between A, <50, and Apr<qo, 10 the
second exemplary embodiment 1n units of 10 nm. FIGS.
8 A-8M show the spectral transmittance curves of the infrared
cut filter obtained by varying the ditterence between A .,
and A, <0, 10 the third exemplary embodiment in units of 10
nm. Referring to FIGS. 6 A-6M, 7TA-7TM, and 8A-8M, the
solid line represents the spectral transmittance curve that
results when the 1incident angle 1s 0°, the broken line repre-
sents the spectral transmittance curve that results when the
incident angle 1s 25°, and the chain line represents the spectral
transmittance curve that results when the incident angle 1s
35°. In each of the exemplary embodiments, the difference
between A <50, aNd Aprcno, 18 s€t by fIXing A , <40, 0f the
inirared absorbing layer 16 and varying the cut-oil wave-
length A5 <50, 01 the infrared reflecting layer 14, as shown 1n
FIG. 20. Since the inirared reflecting layer 14 1s formed of a
dielectric multilayer film, variation 1n the transient range can
be easily implemented by adjusting the film thickness or the
number of layers. FIG. 20 shows variation of the spectral
transmittance curve of the infrared reflecting layer according,
to the first exemplary embodiment. The spectral transmit-
tance curve of the infrared reflecting layer according to the
second and third exemplary embodiment can be varied simi-
larly.

FIGS. 6A, 7TA, and 8A show the spectral transmittance
curve of the mirared cut filter according to the first through
third exemplary embodiments, respectively, in which
A 75000 =M rrs00, =00 M, 1.€. A <0, 18 longer than A <0, DY
60 nm. FIGS. 6B, 7B, and 8B show the spectral transmittance
curve of the inirared cut filter according to the first through
third exemplary embodiments, respectively, i which
M s 00— prsno, =00 M, 1.€. A <0, 18 lOnger than Ay <o, DY
S0nm. FIGS. 6C, 7C, and 8C show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M 70 —Ap7ego,—40 M, 1.€. A <00, 1S longer than Ay <o, by
40 nm. FIGS. 6D, 7D, and 8D show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M s 00— prsno, =30 M, 1.€. A 70, 18 lOnger than Ay <o, DY
30 nm. FIGS. 6E, 7E, and 8E show the spectral transmittance
curve of the mirared cut filter according to the first through
third exemplary embodiments, respectively, in which
A 5000 =M rrsno, =20 NM, 1.€. A <0, 18 longer than A, <0, DY
20 nm. FIGS. 6F, 7F, and 8F show the spectral transmittance
curve of the inirared cut filter according to the first through
third exemplary embodiments, respectively, in which
M s 500 —PAprsno, =10 M, 1.€. A <00, 18 lOnger than A, <o, DY
10 nm. FIGS. 6G, 7G, and 8G show the spectral transmittance
curve of the infrared cut filter according to the first through
third exemplary embodiments, respectively, in which
M s 00— p7rego,—0 M, 1.€. A <0, 1S €qual 10 Ag 7<qo.. FIGS.
6H, 7H, and 8H show the spectral transmittance curve of the
inirared cut filter according to the first through third exem-
plary embodiments, respectively, m which A 50—
Aporsoo,——10nm, 1.€. A, <0, 18 shorter than A, <., by 10 nm.
FIGS. 61, 71, and 81 show the spectral transmittance curve of
the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A, <q0.—
Mpreo,——20 M, 1.€. A, <0, 18 shorter than A <50, by 20 nm.
FIGS. 6], 7], and 8] show the spectral transmittance curve of
the infrared cut filter according to the first through third
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exemplary embodiments, respectively, mn which A <50, —
A prsno,——30 M, 1.€. A, <0, 18 shorter than A, <., by 30 nm.
FIGS. 6K, 7K, and 8K show the spectral transmittance curve
of the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A, ;0. —
A prsoo,——40 M, 1.€. A, <0, 18 shorter than Ay <50, by 40 nm.
FIGS. 6L, 7L, and 8L show the spectral transmittance curve
of the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A, ;<qo,—
A prso,——0 M, 1.€. A, <0, 18 shorter than A5 <50, by 50 nm.
FIGS. 6M, 7TM, and 8M show the spectral transmittance curve
of the infrared cut filter according to the first through third
exemplary embodiments, respectively, in which A, <qo,—
A prsno,——00 M, 1.€. A, <0, 18 shorter than A, <., by 60 nm.
The primary parameters of the spectral transmittance curve of
FIGS. 6A-6M (first exemplary embodiment), the spectral
transmittance curve of FIGS. 7A-7TM (second exemplary
embodiment), and the spectral transmittance curve of FIGS.
8 A-8M (third exemplary embodiment) are shown in FIGS. 9,
10, and 11, respectively.

For evaluating the spectral transmittance curves shown in
FIGS. 6 A-6M, 7TA-TM, and 8A-8M, we established (1) and
(2) below as the property (hereinatter, referred to as “basic
property”) primarily required for the infrared cut filter.

(1) average transmittance T _ 1in the wavelength 400 nm-600

nm>70%

(2) Mor opr=I A rsgo—A 0, <70 nm (sharp cut-oil property)
With regard to the basic property related to the average

transmittance T indicated in (1), the spectral transmittance

dve

curve shown in FIG. 8A obtained when A, <50, —A» 7550, =60
nm does not fulfill the requirement. However, the spectral

transmittance curves shown 1in FIGS. 6 A-6M, 7A-7TM and

8B-8M meet the basic property of (1).

FIGS. 12A, 13A, and 14 A respectively show the relation-
ship 1n the first through third exemplary embodiments of the
difference A ,;<qo.—Mn7s00, DEtWeen the cut-oll wavelength
A 7500, OF the infrared absorbing layer 16 and the cut-off
wavelength A, ., 0 the infrared reflecting layer 14 relative
to the steepness Ac; 5pr=IA 71550, —A 70, | O the transient range
of the spectral transmittance curve. As described above, the

steepness (sharp cut-off property) of the spectral transmit-
tance curve of the infrared cut filter in the transient range 1s
preferably as small as possible, and, more specifically, less
than 70 nm, as required by the basic property (2) above. Thus,
FIGS. 12A, 13A, and 14A show that the condition of
—30=A 7500 =M p 700, 18 preferable.

We established (3) below as the property necessary for
improvement in the dependence of the infrared shielding
property on the incident angle, the primary problem of the
present invention. Given that the shift amount in the cut-off
wavelength A .., obtained when the 1ncident angle changes
from 0° to 35° 1s denoted by AA <o,

(3) Al z500,<25 nm

FIGS. 12B, 13B, and 14B respectively show the relation-
ship 1n the first through third embodiments of the difference
A =00 —An 500, DETWEEN the cut-off wavelength A <., of the
inirared absorbing layer 16 and the cut-off wavelength
M 700, 01 the infrared reflecting layer 14 relative to the shift
amount AA...., of the cut-off wavelength A,.,., occurring
when the incident angle changes from 0° to 35°. It 1s prefer-
able that AA ., be less than 25 nm, as required by property
(3) above. Thus, FIGS. 12B, 13B, and 14B show that 1t 1s
preferable that A, <qo,—Ap 700, <—10 nm.

Based on the foregoing considerations, 1t 1s preferable that
the difference between the cut-oif wavelength A ., of the

10

15

20

25

30

35

40

45

50

55

60

65

12

infrared absorbing layer 16 and the cut-oif wavelength
Arr<00, OF the infrared retlecting layer 14 meet the following
condition.

_50 HmE}MAT5D%_}LRT50%£_10 IlIIl

By meeting all of the above requirements for property,
favorable 1mages can be obtained in which balance 1is
achieved in factors (e.g. transmittance and color quality) con-
tributing to 1mage quality. The requirements for property
listed above are by way of example only and can be modified
so as to adapt to the property of the imaging device.

Described above 1s the infrared cut filter 10 according to
the embodiment. The embodiment provides the infrared cut
filter 10 having favorable infrared shielding property charac-
terized by little dependence on the incident angle, by forming
the infrared reflecting layer 14 on one surface of the transpar-
ent dielectric substrate 12 and forming the infrared absorbing
layer 16 on the other surface.

In the infrared cut filter 10 according to the embodiment, an
ordinary glass substrate can be used as the transparent dielec-
tric substrate 12. Since it 1s not necessary to use fragile glass
such as fluorophosphate glass which is not easy to work (e.g.
to polish), the substrate can be worked 1n an ordinary manner
(e.g.polished or cut). As aresult, the thickness of the substrate
can be controlled at will. For example, a thin substrate can be
produced.

The property of the mifrared cut filter 10 according to the
embodiment 1s determined by the combination of the optical
property ol the infrared retlecting layer 14 and the optical
property of the infrared absorbing layer 16. The optical prop-
erty of the infrared reflecting layer 14 can be changed easily
by adjusting the layer structure of the dielectric multilayer
f1lm. Also, the optical property of the infrared absorbing layer
16 can be changed easily by adjusting the type or concentra-
tion of infrared absorbing pigment included in the resin
matrix or adjusting the thickness of the infrared absorbing
layer. If fluorophosphate glass 1s used 1n order to 1mpart the
substrate with the infrared absorbing capability, change in the
infrared absorbing property requires melting of fluorophos-
phate glass using an furnace, cutting of fluorophosphate
glass, polishing of fluorophosphate glass for the purpose of
adjusting the thickness, etc. Therefore, 1t 1s not easy to change
the property. Thus, the infrared cut filter 10 according to the
embodiment 1s also excellent 1n that the optical property of
the infrared cut filter 10 can be changed easily.

The infrared reflecting layer 14 of the infrared cut filter 10
shown 1n FIG. 1 may be formed to reflect ultraviolet light. By
forming the infrared reflecting layer 14 of a dielectric multi-
layer film, the ultraviolet reflecting function can be provided
in the inirared cut filter 10 easily by adjusting the layer struc-
ture. The color filter provided in the 1imaging device may be
adversely atlected by ultraviolet light 1n that the life 1s short-
ened. Therefore, by removing ultraviolet light 1n the infrared
reflecting layer 14 located in front of the imaging device, such
an 1mpact 1s avoided. By building the ultraviolet reflecting
function 1n the infrared reflecting layer 14, ultraviolet light
can be removed before reaching the infrared absorbing layer
16 formed of a resin matrix so that degradation of the infrared
absorbing layer 16 can be prevented.

FIG. 15 shows the infrared cut filter 10 according to
another embodiment of the present invention. Those compo-
nents of the mirared cut filter 10 shown in FIG. 135 that are
identical or corresponding to components of the infrared cut
filter shown 1n FIG. 1 are represented by the same reference
symbols and the description 1s omitted as appropniate.

The infrared cut filter 10 according to this embodiment
differs from the infrared cut filter shown in FIG. 1 in that a
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protective layer 18 1s formed on the infrared absorbing layer
16. As shown 1n FIG. 135, the protective layer 18 1s formed on
the surface of the infrared absorbing layer 16 opposite to the
surface facing the transparent dielectric substrate 12. In the
inirared cut filter according to this embodiment, light exits
through the protective layer 18.

Since the infrared absorbing layer 16 contains inirared
absorbing pigment, the layer 16 contains organic compo-
nents. For this reason, the infrared absorbing layer 16 has
relatively low abrasion resistance and humidity resistance.
Therefore, by providing on the infrared absorbing layer 16 the
protective layer 18 having a different composition from the
inirared absorbing layer 16 as in this embodiment, the infra-
red absorbing layer 16 can be protected.

For example, the protective layer 18 may be a sol-gel hard
coating comprising tetracthyl orthosilicate (TEOS) as a main
component. The protective layer 18 may be formed by (a)
applying a hard coat agent on the infrared absorbing layer 16,
(b) coating the infrared absorbing layer 16 with a sol-gel film,
(¢) vapor-depositing a dielectric film such as an S10, layer on
the mirared absorbing layer 16. However, the method 1s non-
limiting.

In the infrared cut filter 10 shown 1n F1G. 13, the protective
layer 18 may be formed to prevent reflection of visible light.
By covering the infrared absorbing layer 16 using a material
with a refractive index lower than that of the infrared absorb-
ing layer 16, the protective layer 18 1s provided with the
function of preventing reflection of visible light. As a result,
the visible light transmittance can be improved 1n the intrared
cut filter 10 as a whole. Alternatively, a reflection preventing
f1lm formed of a dielectric multilayer film may be deposited
on the infrared absorbing layer 16 to form a protective layer
18.

The protective layer 18 1n the infrared cut filter shown in
FIG. 15 may be formed to prevent transmittance of ultraviolet
light. This prevents ultraviolet light incident, from the light
exiting surface, from reaching the imaging device and so
prevents degradation of the color filter provided in the imag-
ing device.

FIG. 16 shows the infrared cut filter 10 according to still
another embodiment of the present invention. Those compo-
nents of the infrared cut filter 10 shown 1n FIG. 16 that are
identical or corresponding to components of the infrared cut
filter shown 1n FIGS. 1 and 15 are represented by the same
reference symbols and the description 1s omitted as appropri-
ate.

The inirared cut filter 10 according to this embodiment
differs from the infrared cut filter shown in FIG. 15 1n that a
reflection prevention layer 20 for preventing reflection of
visible light 1s formed on the protective layer 18. As shown in
FIG. 16, the reflection prevention layer 20 1s formed on the
surface of the protective layer 18 opposite to the surface
facing the infrared absorbing layer 16. In the infrared cut filter
10 according to this embodiment, light exits through the
reflection prevention layer 20.

Forming the retlection prevention layer 20 on the protec-
tive layer 18 as 1n the infrared cut filter 10 according to this
embodiment also facilitates improvement 1n the visible light
transmittance of the infrared cut filter 10 as a whole.

The reflection prevention layer 20 1n the infrared cut filter
10 shown in FIG. 16 may be formed to prevent ultraviolet
light transmittance. This prevents ultraviolet light incident,
from the light exiting surface, from reaching the imaging
device and prevents degradation of the color filter provided 1in
the 1maging device.

FIG. 17 shows the infrared cut filter 10 according to yet
another embodiment of the present invention. Those compo-
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nents of the infrared cut filter 10 shown 1n FIG. 17 that are
identical or corresponding to components of the infrared cut
filter shown 1n FIG. 1 are represented by the same reference
symbols and the description 1s omitted as appropnate.

The infrared cut filter 10 according to this embodiment
differs from the infrared cut filter shown 1n FIG. 1 1n that a
primer layer 22 1s formed between the transparent dielectric
substrate 12 and the infrared absorbing layer 16. By forming
the primer layer 22 between the transparent dielectric sub-
strate 12 and the infrared absorbing layer 16, adhesion prop-
erty between the transparent dielectric substrate 12 and the
infrared absorbing layer 16 1s improved so that the environ-
mental resistance of the infrared cut filter 10 1s improved.

FIG. 18 shows the infrared cut filter 10 according to vyet
another embodiment of the present invention. Those compo-
nents of the infrared cut filter 10 shown 1n FIG. 18 that are
identical or corresponding to components of the infrared cut
filter shown 1n FIG. 1 are represented by the same reference
symbols and the description 1s omitted as appropniate.

The infrared cut filter 10 according to this embodiment
differs from the infrared cut filter shown 1n FIG. 1 in that the
inirared reflecting layer 14 1s warped. The infrared reflecting
layer 14 1s warped such that the surface opposite to the surface
on the side of the transparent dielectric substrate 12 1s convex.
In association with the warp of the infrared reflecting layer
14, the transparent dielectric substrate 12 and the infrared
absorbing layer 16 according to this embodiment are also
warped.

As described above, when the infrared cut filter 10 1s used
in the imaging apparatus, the filter 10 1s mounted such that the
inirared reflecting layer 14 faces the imaging lens and the
inirared absorbing layer 16 faces the imaging device. How-
ever, the infrared cut filter 10 15 extremely thin and small so
that it 1s not easy to distinguish between the infrared reflecting,
layer 14 and the infrared absorbing layer 16. Therefore, warp-
ing of the infrared reflecting layer 14 allows the layer 14 to be
identified visually. By controlling the stress on the film sur-
tace when the dielectric multilayer film 1s deposited on the
transparent dielectric substrate 12, the degree of warp of the
infrared reflecting layer 14 can be adjusted without affecting
the optical property.

FIG. 19 shows an imaging apparatus 100 in which the
infrared cut filter 10 according to the embodiments of the
present invention 1s used. As shown FIG. 19, the imaging
apparatus 100 includes an 1imaging lens 102, the infrared cut
filter 10, and an 1maging device 104. The imaging device 104
may be a semiconductor solid-state imaging device such as a
CCD ora CMOS. As shown 1n FIG. 19, the infrared cut filter
10 1s provided between the imaging lens 102 and the imaging
device 104 such that the infrared reflecting layer 14 faces the
imaging lens 102 and the infrared absorbing layer 16 faces the
imaging device 104.

As shown 1n FI1G. 19, light from a subject 1s condensed by
the imaging lens 102. Infrared light 1s removed by the imnirared
cut filter 10. The resultant light 1s incident on the 1maging
device 104. As shown 1n FIG. 19, the light 1s incident on the
infrared cut filter 10 from the imaging lens 102 at various
angles ol incidence. By using the infrared cut filter 10 accord-
ing to any of the embodiments, inirared light can be suitably
shielded regardless of the incident angle. Therefore, favor-
able 1mages with high color reproducibility can be captured.

The embodiments as described above are used as the inira-
red cut filter 10 1n the 1maging apparatus. Alternatively, the
inirared cut filter 10 according to the embodiments can be put
to other uses. For example, the infrared cut filter 10 can be
used as a heat shielding film for a wind shield glass or a side
window of automobiles, or for architectural glass. Still alter-
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natively, the infrared cut filter 10 can be used as an infrared cut
filter for a plasma display panel (PDP).

Described above 1s an explanation based on an exemplary

embodiment. The embodiment 1s intended to be illustrative
only and 1t will be obvious to those skilled 1n the art that
various modifications to constituting elements and processes
could be developed and that such modifications are also

within the scope of the present mnvention.

What 1s claimed 1s:

1. An infrared cut filter comprising:

a transparent dielectric substrate;

an infrared reflecting layer formed on one surface of the
transparent dielectric substrate and configured to reflect
inirared light; and

an 1nfrared absorbing layer formed on the other surface of
the transparent dielectric substrate and configured to
absorb infrared light, wherein

the infrared absorbing layer 1s formed of a resin that con-
tains inirared absorbing pigment,

the infrared reflecting layer 1s formed of a dielectric mul-
tilayer film,

given that a wavelength that provides the transmittance of
50% of the infrared reflecting layer, when an incident
angle 1s 0°, 1S Apr<50, NM and the wavelength that pro-
vides the transmittance of 50% of the infrared absorbing
layer, when the incident angle 1s 0°, 18 A <., M, the
inirared reflecting layer and the infrared absorbing layer
are formed such that A , <0, —A p7500,<—10 nm 15 met,

the infrared retlecting layer and the infrared absorbing
layer are formed such that =50 nm=A <0, —Ap 7550, 15
met, and

given that a cut-off wavelength that provides the transmuit-
tance of 50% of the infrared cut filter, when the incident
angle 1s 0°, 15 A <., nm and that the shift amount 1n the
cut-off wavelength A ..,,, obtained when the incident
angle on the inirared cut filter changes from 0° to 35° 1s
denoted by AA <500, AArqo, <25 nm.

2. The infrared cut filter according to claim 1,

wherein the transparent dielectric substrate 1s formed of
glass.

3. The infrared cut filter according to claim 1,

wherein the infrared reflecting layer 1s formed so as to
reflect ultraviolet light.

4. The infrared cut filter according to claim 1,

wherein a protective layer 1s provided on the infrared
absorbing layer.

5. The infrared cut filter according to claim 4,

wherein the protective layer has the function of preventing
reflection of visible light.

6. The infrared cut filter according to claim 4,

wherein the protective layer has the function of preventing
transmittance of ultraviolet light.

7. The infrared cut filter according to claim 4,

wherein a reflection prevention layer for preventing reflec-
tion of visible light 1s provided on the protective layer.
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8. The mnfrared cut filter according to claim 7,

wherein the reflection prevention layer has the function of
preventing transmittance of ultraviolet light.

9. The mnfrared cut filter according to claim 1,

wherein a primer layer 1s provided between the transparent
dielectric substrate and the infrared absorbing layer.

10. The 1nfrared cut filter according to claim 1,

wherein the infrared reflecting layer 1s warped such that the
surface opposite to the surface on the side of the trans-

parent dielectric substrate 1s convex, and

warping of the infrared retlecting layer 1s formed by con-
trolling stress when the dielectric multilayer film 1s
deposited on the transparent dielectric substrate.

11. An 1maging apparatus comprising:

the infrared cut filter according to claim 1; and

an 1maging device on which light transmitted by the inira-
red cut filter 1s incident, wherein

the infrared absorbing layer 1s closer to the imaging device
than the infrared reflecting layer 1s.

12. The infrared cut filter according to claim 1, wherein

a minimal value of transmittance less than 15% occurs
when the wavelength 1s 650 nm-730 nm 1n a spectral
transmittance curve of the infrared absorbing layer, and

M »-<o% of the infrared reflecting layer 1s 1n a wavelength
range 600 nm-700 nm.

13. The infrared cut filter according to claim 1, wherein a

thickness of the transparent dielectric substrate 1s 0.1 mm-0.3
mm

14. The infrared cut filter according to claim 11,

wherein the infrared reflecting layer 1s warped such that the
surface opposite to the surface on the side of the trans-
parent dielectric substrate 1s convex, and

warping of the infrared reflecting layer 1s formed by con-
trolling stress when the dielectric multilayer film 1s
deposited on the transparent dielectric substrate.

15. A method of manufacturing the infrared cut filter

according to claim 13, comprising:

preparing a transparent dielectric substrate having a thick-
ness of 0.1 mm-0.3 mm;

forming an infrared reflecting layer on one surface of the
transparent dielectric substrate, the infrared reflecting
layer having a cut-oif wavelength 1n a wavelength band
of 600 nm-700 nm, and an average spectral transmit-
tance of 90% or greater 1n a wavelength band ot 400
nm-600 nm;

adding an infrared absorbing pigment selected from a cya-
nine compound, a diumomum compound, a phthalocya-
nine compound, or an azo compound to produce a PVB
resin solution containing the inirared absorbing pig-
ment; and

applying the PVB resin solution on a transparent glass
substrate using a flow coating apparatus and drying the
transparent glass substrate.

¥ o # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

